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Title: ^'Method for carrying out chemical reactions in 
pseudo-isothermal conditions" 

DESCRIPTION 

Field of application 

In its most general aspect the present invention refers to 
a method for carrying out chemical reactions in controlled 
pseudo-isothermal conditions, in other words in conditions 
in which the reaction temperature is kept in a tight range 
of values about a predetermined reaction temperature T. 

In particular, the present invention regards a method for 
controlling the reaction temperature in a catalytic bed of 
a reactor in which a chemical reaction takes place in 
pseudo-isothermal conditions through at least one heat 
exchanger, crossed by a respective operating fluid, 
immersed in said catalytic bed. 

Prior Art 

It is known, for pseudo-isothermal reactions and catalytic 
reactors of the prior art, to control the reaction 
temperature through heat exchange between the operating 
fluid, which flows inside suitable heat exchangers, and the 
catalytic bed in which said exchangers are immersed and in 
which the reaction takes place. 

And it is known that an optimisation of such an exchange is 
constantly sought after, in order to improve the yield of 
the reaction- This exchange is carried out so as to allow 
the transfer of the largest possible amount of heat between 
operating fluid and catalytic bed, that is, maximizing the 
heat exchange coefficient inside the heat exchangers, where 
the operating fluid flows, and inside the catalytic bed. 
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By doing so, however, it has been noticed that temperature 
gradients even of a significant value take place in the 
catalytic bed. 

In particular, the temperature in each point of the bed • 
5 varies between a first value at the heat exchangers, i.e. 
at the temperature of the outer wall of the exchangers 
themselves, and a second temperature value detected in 
those points of the catalytic bed situated at the maximum 
distance from the heat exchangers. 

10 In the rest of the description and in the subsequent 
claims, said second temperature value shall be identified 
with the term ^^limit temperature" Ti. 

If the reaction taking place inside the reactor is 
exothermic, said limit temperature Ti shall correspond to a 
15 predetermined maximum value Tmax of the temperature, above 
which it is not convenient to make the reaction take place, 
since secondary reactions intervene which decrease the 
yield and, moreover, a decrease in efficiency of the 
catalyst takes place. 

20 If the reaction taking place inside the reactor is 
endothermic, said limit temperature Ti shall ' correspond to 
a temperature value, below which the reaction does not take 
place . 

The consequent dishomogeneity in the distribution of the 
25 temperature leads far, inside of the catalytic bed, from 
the desired pseudo-isothermal conditions, with a worsening 
of the global yield of the reactor itself. 
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Siiinmary of the invention 

The technical problem underlying the present invention is 
that of realizing a method for controlling, in a simple 
manner, the pseudo-isothermicity of a chemical reaction 
5 inside a catalytic bed by reducing the temperature 
difference (AT) between the temperature of the catalytic 
bed at the walls of the heat exchangers and the limit 
temperature Ti, or, in other words, by reducing the size of 
the temperature gradient between the outer wall of the 
10 exchanger and the limit temperature Ti . 

In such a way the drawbacks of the prior art are overcome - 

The aforementioned technical problem is solved according to 
the invention by a method for controlling the reaction 
temperature in a catalytic bed of a reactor in which a 
15 chemical reaction takes place in pseudo-isothermal 
conditions by means of at least one heat exchanger, crossed 
by a respective operating fluid, immersed in said catalytic 
bed, which method is characterized in that it comprises the 
step of: 

20 - setting the speed of said heat exchange fluid inside the 
respective heat exchanger within predetermined values, so 
that the heat exchange coefficient inside said heat 
exchanger is less than the heat exchange coefficient in the 
catalytic bed. 

25 By reducing the heat exchange coefficient inside the heat 
exchanger below that inside the catalytic bed, an increase 
in the temperature gradient inside said exchanger is 
obtained and the temperature at the wall of the heat 
exchanger is consequently increased. 
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The end result is the decrease in the aforementioned 
temperature difference AT between the temperature of the 
catalytic bed at the wall of a heat exchanger and the limit 
temperature Ti in the catalytic bed. 

5 In stark contrast with the constant teaching of the prior 
art, it has been surprisingly seen that, by suitably 
reducing the heat exchange coefficient inside the heat 
exchangers, the reactant/product mixture that crosses the 
catalytic bed benefits from greater uniformity of 
10 temperature (lower AT) which in turn allows to obtain a 
greater efficiency of reaction and thus greater global 
conversion yield. 

Preferably, but not for limiting purposes, the speed of 
said heat exchange fluid inside the respective heat 
15 exchanger is regulated within values such that the heat 
exchange coefficient inside the heat exchangers is equal to 
or less than 2/3 the heat exchange coefficient inside the 
catalytic bed. 

Said method allows the technical problem to be solved and 
20 the drawbacks of the prior art as described above to be 
overcome . 

According to one particular aspect of the present invention 
the heat exchangers immersed in the catalytic bed are at 
least two in number and the method just described is 
25 characterized in that it comprises the steps of: 

continuously detecting in said catalytic bed the 
temperature difference AT between the temperature of the 
catalytic bed at said heat exchangers and a limit 
temperature Ti at a middle point between said heat 
30 exchangers; 
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- varying the speed of said heat exchange fluid inside said 
heat exchangers, according to the aforementioned 
temperature difference AT, obtaining a corresponding 
variation of the heat exchange coefficient inside said heat 
5 exchangers , 

Further characteristics and advantages of the invention 
will become clearer from the detailed description of an 
embodiment of a method according to the invention, given 
hereafter with reference to the attached drawings, for 
10 indicative and non-limiting purposes. 

Brief description of the figures 

Figure 1 schematically shows a section view of a pseudo- 
isothermal reactor for carrying out the method of the 
present invention . 

15 Figure 2 schematically shows a pseudo-isothermal reactor 
operating according to the method of the prior art and 
relative temperature profile. 

Figure 3 schematically shows a section view of a detail of 
the pseudo-isothermal reactor of figure 1 and relative 
20 temperature profile. 

Figure 4 schematically shows an enlarged section view of a 
further detail of the pseudo-isothermal reactor of figure 
1. 

Detailed description of a preferred embodiment of the 
25 invention 

With reference to figure 1, a catalytic pseudo-isothermal 
chemical reactor for the synthesis of chemical substances 
such as ammonia, methanol, formaldehyde and nitric acid. 
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according to the method of the present invention is 
generally indicated with 1. 

Said reactor 1 comprises a cylindrical shell 2, an upper 
base plate 3 and a lower base plate 4, an opening 5 for 
5 feeding the reactants, an opening 6 for discharging the 
reaction products, an opening 7 for feeding an operating 
heat exchange fluid and an opening 8 for discharging said 
operating fluid. 

The reactor 1 also comprises a catalytic bed 24, defined 
10 between the broken lines 24a and 24b and supported in a per 
se known way, inside of which a heat exchange unit 9 is 
placed, which in turn comprises a plurality of heat 
exchangers 12. The heat exchangers 12 are in fluid 
communication with said feed opening 7, at a lower end 
15 thereof, through a distributor duct 10, and in fluid 
communication with said discharge opening 8, at an opposite 
end, through a collector duct 11. In particular, said heat 
exchangers 12 are for example heat exchange tubes or 
plates . 

20 Figures 2 and 3 represent a detail of a pseudo-isothermal 
reactor operating according to the method of the prior art 
and a detail of the reactor of figure 1 operating according 
to the method of the present invention, respectively - 

In such figures, details that are equivalent to each other 
25 and/or equivalent to the details of the reactor of figure 
1, are indicated with the same reference numerals. 

With 13 is generally indicated the wall of the heat 
exchangers 12 situated inside the catalytic bed 24. With 
13a, on the other hand, we wish to indicate the outer 



surface or catalyst-side surface of the wall 13 of the heat 
exchangers 12 . 

In operation, the heat exchange operating fluid crosses a 
zone 14, inside the heat exchangers 12, whereas the mixture 
of reactants and products flows in a reaction zone 15 of 
the catalytic bed 24 defined between adjacent heat 
exchangers 12 . 

The profile of the distribution of the temperatures is 
represented in both figures 2 and 3 by lines 17 and 19. 
Line 17 is relative to the distribution of temperatures in 
the zone 14, inside the exchangers 12, whereas line 19 is 
relative to the distribution of the temperatures in the 
zone 15, inside the catalytic bed 24. In general, the 
profile of the temperatures inside the respective pseudo- 
isothermal reactor is that resulting from the combination 
of lines 17 and 19. 

In the reactors of the prior art (figure 2), it can be 
easily noted how the lines 17 are very flat, almost 
rectilinear and perpendicular to the wall 13 of the heat 
exchangers 12 . This is determined by a high heat exchange 
coefficient (the highest possible) inside such heat 
exchangers 12 . 

Differently, still in reactors of the prior art (figure2), 
the line 19 relative to the distribution of the 
temperatures in the zone 15 of the catalytic bed 24 has a 
substantial arc. This is caused, on the one hand, by the 
different (lower) heat exchange coefficient present in the 
catalytic bed 24 with respect to the heat exchange 
coefficient (greater) inside the exchangers 12, which 
causes a great temperature difference (dishomogeneity) 
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between the wall temperature (surface 13a) of the 
exchangers 12 and the temperature of the reactant/product 
mixture flowing in the reaction zone 15. 

In other words, the temperature varies, between two zones 
5 14 and 15, between a minimum value Tmin corresponding to the 
centre of the zone 14 inside the heat exchangers 12 and a 
maximum value Tmax (equivalent to the limit temperature Ti 
described above) corresponding to the centre of the zone 15 
of the catalytic bed 24 (i.e. in the middle point between 
10 two adjacent heat exchangers 12) . 

Between the two zones 14 and 15 there is therefore a 
temperature gradient ATtot/ which, as can be seen in figure 
2, is situated mainly in zone 15, creating a high 
dishomogeneity of temperature in the catalytic bed 24, with 
15 a consequent loss in reaction efficiency and thus reduction 
in the conversion yield, for the reasons described 
hereafter . 

The part of the temperature gradient ATtot situated in zone 
15 is represented with reference symbol AT, which stands to 
20 indicate the temperature difference, described above, 
between the limit temperature Ti (corresponding to Tmax) and 
the temperature at the outer surface 13a of the exchangers 
12. 

Inside the temperature difference (or gradient) AT, in the 
25 reaction zone 15, a temperature range is identified where 
the reaction takes place in efficient conditions, and thus 
with optimal yield (pseudo-isotheimal conditions) • Such a 
temperature range is between temperature Tjnax (=Ti) and a 
temperature To below which the reaction does not take place 
30 or at least takes place in inefficient conditions. 
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From figure 2, it is clear how in a considerable portion of 
zone 15 of the catalytic bed 24, identified with 18, the 
reaction temperature is below the optimal values to the 
detriment of the efficiency and global conversion yield of 
5 the reactor. 

Thanks to the method according to the present invention, by 
suitably adjusting the crossing speed of said heat 
exchanger 12, by the operating fluid (i.e. in the case of 
the example of figure 3, reducing such a speed with respect 
10 to the crossing speed of the example of figure 2) the heat 
exchange coefficient inside the heat exchangers 12 is 
advantageously reduced to lower values with respect to the 
heat exchange coefficient inside the catalytic bed 24. 

In this way, as represented in figure 3, an increase in the 
15 temperature gradient inside the exchangers 12 is obtained 
(line 17 indeed has greater concavity with respect to 
figure 2) and the temperature is consequently increased at 
their outer surface 13a. 

Consequently, with the same temperature gradient ATtot 
20 between zones 14 and 15 with respect to the prior art 
(figure 2), the temperature gradient in zone 15 of the 
catalytic bed 24 is reduced, i.e. the temperature 
difference AT between the limit temperature Ti 
(corresponding to Tmax) and the temperature at the outer 
25 surface 13a of the exchangers 12 is reduced - 

For this reason, the profile of the temperatures (line 19) 
in said zone 15 has a very small concavity and, as 
indicated in figure 3, is within the temperature range 
(Tmax-To) where the reaction takes place in optimal 
30 efficiency (and thus yield) conditions (pseudo-isothermal 
conditions) . 



For this reason, in whole zone 15 of the catalytic bed 24 
it is possible to carry out the reaction efficiently to the 
great advantage of the global conversion yield. 

According to a particular and advantageous aspect of the 
present invention, the temperature difference AT between 
the limit temperature Ti (corresponding to Tmax) and the 
temperature at the outer surface 13a of the exchangers 12 
is detected continuously, and the speed of the heat 
exchange fluid flowing inside the heat exchangers 12 is 
varied according to the aforementioned temperature 
difference AT, obtaining a corresponding variation in the 
heat exchange coefficient inside said heat exchangers 12 
and thus of the temperature difference (gradient) AT inside 
zone 15 of the catalytic bed 24. 

For such a purpose the pseudo-isothermal reactor of figure 
1 comprises an apparatus 20, represented schematically in 
figure 4, for continuously detecting the temperature in 
zone 15 of the catalytic bed 24 and the variation - still 
continuously - of the speed of the operating fluid flowing 
inside the heat exchangers 12 according to the temperature 
detected. 

In such a figure, details equivalent to the details of the 
previous figures are indicated with the same reference 
symbols . 

The apparatus 20 (figure 4) comprises at least one probe 23 
(for example a thermocouple) situated inside the reaction 
zone 15, for continuously measuring the temperature 
difference AT between the temperature in the centre of zone 
15 and the temperature at the outer surface 13a of the heat 
exchangers 12 . 



Such an apparatus 20 also comprises a control unit 21, in 
data communication - through the flowline 25 - with the 
probe 23, which processes the temperature values detected 
by the probe 23, and a feeding speed regulator 22 of the 
operating fluid F© to the heat exchangers 12, controlled by 
said control unit 21 (flowline 26) . This regulator 22 can, 
for example, be a valve or a pump for feeding operating 
fluid. 

The reference symbol P stands to indicate a detail inside 
the reactor 1 of figure 1, represented enlarged in figure 4 
to better highlight the characteristics of the apparatus 
20. 

This solution allows the temperature difference AT inside 
reaction zone 15 to be constantly controlled, dynamically 
calibrating the delivery speed of operating fluid Fq inside 
the heat exchangers 12 . 

The invention thus conceived is susceptible to further 
variants and modifications all of which are within the 
capabilities of the man skilled in the art and, as such, 
fall within the scope of protection of the invention 
itself, as defined by the following claims. 



CLAIMS 



1 . Method for controlling the reaction temperature in a 
catalytic bed (24) of a reactor (1) in which a chemical 
reaction takes place in pseudo-isothermal conditions by 
means of at least one heat exchanger (12) , crossed by a 
respective operating fluid, immersed in said catalytic bed 
(24), which method is characterized in that it comprises 
the step of: 

- setting the speed of said heat exchange fluid inside the 
respective heat exchanger (12) within predetermined values, 
so that the heat exchange coefficient inside said heat 
exchanger (12) is less than the heat exchange coefficient 
in the catalytic bed (24) . 

2. Method according to claim 1, characterized in that 
said speed of said heat exchange fluid inside the 
respective heat exchanger is regulated within values such 
that the heat exchange coefficient inside the heat 
exchangers (12) is equal to or less than 2/3 the heat 
exchange coefficient inside the catalytic bed (24) . 

3. Method according to claim 1, characterized in that 
said reactor (1) comprises at least two heat exchangers 
(12) immersed in the catalytic bed (24) and in that it 
comprises the steps of: 

continuously detecting in said catalytic bed the 
temperature difference AT between the temperature of the 
catalytic bed at said heat exchangers and a limit 
temperature Ti at a middle point between said heat 
exchangers; 
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- varying the speed of said heat exchange fluid inside said 
heat exchangers, according to the aforementioned 
temperature difference AT, obtaining a corresponding 
variation of the heat exchange coefficient inside said heat 
5 exchangers. 

4 . Pseudo-isothermal chemical reactor comprising a 
catalytic bed (24) and at least two heat exchangers (12) 
immersed in said catalytic bed (24), characterized in that 
it comprises an apparatus (20) for adjusting the 

10 temperature inside a reaction zone (15) of said catalytic 
bed defined between said heat exchangers (12), comprising a 
probe (23) for continuously measuring the temperature 
difference AT between the temperature in a central position 
of said zone (15) and the temperature of said zone (15) at 

15 said heat exchangers (12), a control unit (21), in data 
communication with said probe (23) , and a feeding speed 
regulator (22) of an operating fluid (Fo) in said heat 
exchangers (12), in data communication with said control 
unit (21) . 

20 
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ABSTRACT 

Method for controlling the reaction temperature in a 
catalytic bed (24) of a reactor (1) in which a chemical 
reaction takes place in pseudo-isothermal conditions by 
5 means of at least one heat exchanger (12), crossed by a 
respective operating fluid, immersed in the catalytic bed 
(24) . 




Fig. 1 
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